Purpose: The purpose of this study was to identify quantitatively measurable morphologic optical coherence tomography (OCT) characteristics in patients with an acute episode of central serous chorioretinopathy (CSC) and evaluate their correlation to functional and psychological variables for their use in daily clinical practice. Methods: Retinal thickness (RT), the height, area and volume of subretinal fluid (SRF)/pigment epithelium detachments were evaluated using the standardized procedures of the Vienna Reading Center. These morphologic characteristics were compared with functional variables [best-corrected visual acuity (BCVA), contrast sensitivity (CS), retinal sensitivity/microperimetry, fixation stability], and patients' subjective handicap from CSC using the National Eye Institute 25-item Visual Function Questionnaire (NEI VFQ-25). Results: Data from 39 CSC patients were included in this analysis. Three different SRF height measures showed a high negative correlation (r = À0.7) to retinal sensitivity within the central 9°, which was also negatively correlated with SRF area and volume (r = À0.6). The CS score and fixation stability (fixation points within 2°) showed a moderate negative correlation (r = À0.4) with SRF height variables. Comparison of the subjective handicap with morphological characteristics in spectral-domain (SD)-OCT showed SRF height had the highest correlation (r = À0.4) with the subjective problems reported and overall NEI VFQ-25 score. Conclusion: In conclusion, SRF height measured in SD-OCT showed the best correlation with functional variables and patients' subjective handicap caused by the disease and therefore seems to be the best variable to look at in daily clinical routine. Even though area and volume also show a correlation, these cannot be so easily measured as height and are therefore not suggested for daily clinical routine.
Introduction
Central serous chorioretinopathy (CSC), first described by VonGraefe (1866), is a chorioretinal disease arising from several foci. It has a complex pathogenesis, which is hotly debated and still not completely understood (Gemenetzi et al. 2010) . Most likely, alterations in the choriocapillaris which increase permeability lead to pigment epithelium detachments (PEDs), a dysfunction of the retinal pigment epithelium (RPE) and a serous detachment of the neurosensory retina described as subretinal fluid (SRF) (Scheider et al. 1993; Guyer et al. 1994; Prunte & Flammer 1996; Tittl et al. 2005) . Typically, young adults between 30 and 55 years of age are affected, and more men than women (Spaide et al. 1996) . Patients frequently report a stressful event prior to disease onset and are often described as type A personalities (Gelber & Schatz 1987; Yannuzzi 1987) .
Often patients present with a sudden onset of moderate central vision loss, blurred or darker vision and metamorphopsia (Prunte & Flammer 1996; Spaide et al. 1996) . As best-corrected visual acuity (BCVA) is often only slightly reduced and other visual symptoms described by or observed in patients are diverse, alternative assessable functional and morphological variables are needed for follow-up in clinical routine.
Microperimetry, also known as fundus perimetry, was introduced into clinical routine some years ago to test macular function beyond using visual acuity (VA) testing alone (Piermarocchi et al. 2006; Rohrschneider et al. 2008) . Fundus perimetry has shown relative scotomas in CSC that correlate well with retinal thickness (RT), even when BCVA is only slightly reduced (Springer et al. 2006) . Furthermore, eyes with resolved CSC and good VA can still have lower retinal sensitivity than control eyes (Ozdemir et al. 2008 ). However, microperimetry can only be used effectively for patients with the physical and psychological ability to concentrate on the test and is very time-consuming. Therefore, its daily use in the clinic is limited.
As with most measures reflecting visual function, BCVA and contrast sensitivity (CS) depend on the patient's condition, making standardized examination difficult to implement in clinical routine. These difficulties make assessment and documentation of morphological changes all the more important.
The introduction of optical coherence tomography (OCT), a non-contact, non-invasive imaging modality, in 1991 was one of the most important developments in ophthalmologic imaging. Current spectral-domain OCT (SD-OCT) or swept-source OCT combines high scan quality and shortest acquisition time (Geitzenauer et al. 2011) . Multiple structural alterations in patients with CSC and their changes over time and during therapy have been described, for example, by investigators focused on the three-dimensional configuration of SRF and PEDs (Song et al. 2012; Ahn et al. 2013) , the integrity of the inner/outer segments (IS/OS) line and the external limiting membrane (ELM) (Fujita et al. 2012; Yalcinbayir et al. 2014) , subretinal deposits (Wang et al. 2005) , and optical density ratios in the SRF (Ahlers et al. 2009 ). Thicknesses within the retina and choroid in CSC patients have also been measured (Hata et al. 2013; Lehmann et al. 2013; Park et al. 2013; Brandl et al. 2014) .
Manual examination of structural changes such as irregularities in different retinal layers, which can be slight, is usually very time-consuming and follow-up is therefore often difficult. As image quality and system software continue to improve, more quantitatively measurable features in addition to RT as well as more automatically segmented layers and structures become available. However, some of these measurements remain timeconsuming and their validity has to be proved. Therefore, there is a need to clarify which features should be assessed and are of value for the individual patient. The aim of this study was to identify quantitatively measurable baseline SD-OCT characteristics in patients with an acute episode of CSC and evaluate how they correlate to functional and psychological variables to determine which characteristics are best looked at in daily clinical practice.
Materials and Methods
Patients examined at the Macula Service, Department of Ophthalmology, Medical University of Vienna, between April 2011 and July 2012 who had an acute episode of CSC were asked to participate in the CSC observational study. Inclusion criteria for the entire study were a detachment of the neurosensory retina (in the form of SRF) observed in SD-OCT and findings in fluorescein angiography (FA) and indocyanine green angiography (ICGA) characteristic of CSC. Data from patients reporting a history of other ocular diseases were excluded from this subanalysis to avoid bias caused by functional or morphological changes unrelated to CSC. The CSC observational study was a longitudinal study but here we focus on the evaluation at the baseline visit for the study.
The study followed the tenets of the Declaration of Helsinki and was approved by the ethics committee of the Medical University of Vienna. Informed consent was obtained from all the participants after the nature and possible consequences of the study had been explained to them.
At baseline, patients underwent BCVA testing with Early Treatment Diabetic Retinopathy Study (ETDRS) charts, CS testing with Pelli-Robson charts, slit lamp examination including applanation tonometry, and biomicroscopic fundus examination of both eyes. Images using regular SD-OCT, SD-OCT with enhanced depth imaging (EDI), FA and ICGA, fundus autofluorescence (FAF), near-infrared autofluorescence (NIA), infrared (IR) and red free (RF) were obtained using the Spectralis ™ HRA-OCT (Heidelberg Engineering, Heidelberg, Germany). Furthermore, patients were asked to mark irregularities on an Amsler grid and fill in the National Eye Institute 25-item Visual Function Questionnaire (NEI VFQ-25, a health-related qualityof-life questionnaire with 25 items designed especially to assess how ophthalmic diseases affect a patient's quality of life) (Mangione et al. 2001 ) and the Trier Inventory for Chronic Stress (TICS) questionnaire (Schulz et al. 2004 ). In addition, colour fundus photography (CF), polarization-sensitive OCT (PS-OCT) and microperimetry including fixation testing (OPKO/OTI microperimeter; OPKO Instrumentation, Miami, FL, USA) were performed. The following paragraphs describe only the examinations used for this subanalysis.
SD-OCT imagine procedure and analysis
The SD-OCT imaging protocol comprised 49 B-scans per volume scan of 20 9 20°for the study eye. Each scan was averaged using the 'ART' mode function with 30 frames per B-scan. SD-OCT images were evaluated manually in a standardized and blinded fashion in customized software from the Vienna Reading Center.
Retinal thickness (RT) at the centre point (CP), from Bruch's membrane to the internal limiting membrane, thus including the SRF deposit, and in the nine ETDRS subfields was recorded after manual correction of any segmentation errors. The area of SRF was calculated by marking its horizontal extent in each B-scan. The height of SRF at the CP and the maximum height of SRF was measured. Furthermore, the volume of SRF was calculated by marking its vertical extent in every B-scan, interpolating between B-scans. If more than one SRF deposit was found, the same procedure was repeated for each of them. The maximum height, total area and total volume of SRF in each 20 9 20°scan were calculated. The SRF next to the CP was defined as the 'central SRF'. All PED were measured and calculated in the same way, even if very little, resulting in a PED height, area and volume for one or more PEDs.
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Microperimetry and fixation analysis: settings and analysis Monocular fundus-controlled static threshold perimetry, including fixation analysis, was performed only in study eyes. The OPKO/OTI microperimeter was used. The protocol for this study allowed 25 stimulus locations to be tested in a standardized quadratic grid covering the central 9°of the retina. The stimulus size was Goldmann III, presented for 200 ms. A 4-2-1-staircase strategy was used and a cross served as the fixation mark. The average sensitivity of all 25 stimulus locations was calculated.
Fixation was analysed during the microperimetric examination by measuring eye movements relative to anatomical landmarks on a reference frame. The percentage of fixation points lying inside a 2°-diameter circle and a 4°-circle around the fixation target was reported.
Statistical analysis
The functional variables BCVA and CS were compared between the eyes with and without CSC, the latter being the fellow eye of each patient, using paired t-tests. Box-plots were used to visualize the results. The relation between metric variables was documented with a scatter plot and Pearson's correlation coefficient and its 95% confidence interval (95% CI) was calculated. Statistical analyses were carried out with SAS 9.3 (SAS Institute Inc., Cary, NC, USA) and R 3.0.1 (R Foundation for Statistical Computing, Vienna, Austria). The level of significance was set at 0.05 for all tests. No correction for multiple testing was applied due to the explorative character of the study. If a patient presented with more than one acute episode of CSC during the longitudinal study period, only the results from the first episode were used for analysis.
Results
Demographic data
Thirty-nine patients (eight women, 31 men, f:m = 1:3.875) with an acute episode of CSC and no history of other ocular diseases were included. Eighteen right eyes and 21 left eyes were tested. The mean age at baseline was 42 years (range: 29-64 years).
The present episode of CSC was the first one experienced by 33 patients. Six patients reported earlier symptoms diagnosed as CSC. All of these patients had experienced episodes in the same eye; two of them were treated with photodynamic therapy, and one with oral medication not specified in detail by the patient.
Functional test results at baseline
Mean BCVA in the study/fellow eyes was 83.4 AE 6.5/90.3 AE 10.9 letters.
Best-corrected visual acuity (BCVA) was significantly lower in the affected than in the fellow eye of the same patient (paired t-test: p = 0.0019, estimate: À6.923 (95% CI: À2.721 to À11.124). Furthermore, the paired ttest revealed a statistically significant lower CS score for study eyes [p = 0.0068, estimate: À0.072 (95% CI: À0.021 to À0.123)]. The results are illustrated in Fig. 1 . In study eyes, microperimetry showed a mean retinal sensitivity of 12.9 AE 2.6 dB within the central 9°around the fovea. The simultaneous fixation stability test resulted in 89 AE 11% of all fixation points falling within a 2°-circle and 99.6 AE 1.6% within a 4°-circle around the fovea.
Patients' subjective handicap (NEI VFQ-25) and the correlation to function Each patient's subjective handicap from the current disease was evaluated using the NEI VFQ-25 questionnaire. Only a low correlation was found between the functional variables of the affected eye and the subjective handicap (NEI VFQ-25 'Composite Score'). In some subcategories, moderate correlations with the functional variables could be shown: 'Near Activities' and 'Distance Activities' as well as 'Peripheral Vision' were positively correlated with retinal sensitivity and fixation stability. 'Dependency' and 'Driving' were negatively correlated with the difference in the VA between the affected and the unaffected eye of a patient. Pearson's correlation coefficients for these comparisons are displayed in Table 1 .
Morphological characteristics in SD-OCT
At baseline, mean RT at the CP was 469 AE 117 lm, mean RT within the central subfield was 491 AE 107 lm. The mean RT within the inner and outer ring of the eight ETDRS fields outside the centre was 431 AE 74 lm and 323 AE 31 lm, respectively.
Concerning the distribution of the SRF in these subfields, the maximum RT was measured in the nasal area of the retina in most patients (46%). However, no dependence of the functional or subjective variables on the position of the maximum thickness could be shown.
Mean baseline morphologic characteristics determined by SD-OCT evaluations are displayed in Table 2 .
Correlation between morphological characteristics in SD-OCT and functional tests From all described morphological characteristics, SRF height (1. at the central foveal point as well as 2. at the point of maximum height of the central SRF and 3. at the point of maximum height of all SRF deposits) correlated with several functional results: retinal sensitivity within the central 9°was highly negatively correlated with the heights of the SRF (Pearson's correlation coefficient of 1. r = À0.69, 2. r = À0.7, 3. r = À0.7) and with the areas (central area r = À0.62, all areas r = À0.61) and volumes (central volume r = À0.57, all volumes r = À0.58) of the SRF (Fig. 2) . The CS score (Pearson's correlation coefficient of 1. r = À0.38, 2. r = À0.4, 3. r = À0.4) as well as fixation stability (fixation points within 2°, Pearson's correlation coefficient of 1. r = À0.42, 2. r = À0.39, 3. r = À0.39) showed a moderate negative correlation.
Correlation between morphological characteristics in SD-OCT and the subjective handicap
Comparing subjective handicap and morphological characteristics in SD-OCT, the height of the SRF (1. at the central foveal point as well as 2. at the point of maximum height of the central SRF and 3. at the point of maximum height of all SRF deposits) showed the highest correlation (r = 0.4) with the subjective handicap and the overall NEI VFQ-25 score. The correlations (Pearson's correlation coefficients) between morphological OCT SRF characteristics and NEI VFQ-25 score items are given in Table 3 . Pigment epithelium detachments (PED) characteristics did not show any significant correlations.
Discussion
In this analysis, we investigated which quantitatively measurable OCT characteristics show the best correlation with functional variables and a patient's subjective handicap caused by CSC as VA is usually only slightly compromised and is therefore not a good measure of a patient's handicap, whereas CSC is known to considerably compromise a patient's quality of life (Turkcu et al. 2015; Breukink et al. 2017) .
Central serous chorioretinopathy (CSC) is a frequently studied disease. During the last years, many scientific reports have been published, most of them focusing on imaging results during disease and after therapy and often without using any functional measures (Ojima et al. 2007; Maruko et al. 2010; Kim et al. 2013; Iacono et al. 2015; Manabe et al. 2015; Agrawal et al. 2016) or if any usually only BCVA (Kang & Kim 2013) . Many of these studies have explored retinal features with highly specialized imaging modalities such as adaptive optics scanning light ophthalmoscopy or PS-OCT that are not commonly available for clinical routine (Ooto et al. 2010; Nakamura et al. 2016; Roberts et al. 2016; Vogel et al. 2017) . Some new studies have looked at relevant imaging characteristics in OCT angiography, but again this is still not broadly available in daily clinical routine (Costanzo et al. 2015; Quaranta-El Maftouhi et al. 2015; Ferrara et al. 2016; Feucht et al. 2016; Bousquet et al. 2017; Xu et al. 2017) . Regular SD-OCT is commonly used in ophthalmology today and visualizes CSC very well; therefore, SD-OCT is a frequent topic of scientific investigations. But only few studies have focused on the predictive value of baseline morphologic characteristics and, to our knowledge, no study has investigated which characteristics can be correlated with a patient's subjective handicap in CSC. We believe that this is important as achieving a high quality of life for patients is one of the major goals in medicine. Our study identifies the height of SRF as an early indication for loss in retinal sensitivity (correlation of r = 0.7) and also a compromised patient's subjective handicap (correlation of r = 0.4). Even though in our study the correlation with the handicap was only moderate, most likely due to a small sample size (Mangione et al. 2001) , no previous study has shown that a patient's quality of life and retinal sensitivity scores are closely correlated (see (Sugawara et al. 2011) , r = 0.67, p = 0.0003). Therefore, close monitoring of patients with high SRF and in some cases even earlier treatment can be considered where patients suffer more from CSC compared with where it has little influence on patients' subjective handicap.
Many of the publications mentioned earlier investigated the integrity of retinal layers (Ojima et al. 2007; Nakamura et al. 2016) , which probably is a very good variable to look at from a clinical perspective, especially the disruption of the ELM or the IS/OS line. But this has two pitfalls: First, it is very time-consuming to do this manually and there are no good instruments for automated and validated segmentation, especially not implemented into a common OCT device; second, it is not easy and an expert anatomical knowledge of the retinal structures is necessary. Our proposed measure, 'SRF height', can be measured easily by anyone, for example, a technician operating the OCT scanning. Another aspect to be considered is that we know SRF is usually somehow protective of photoreceptor loss, as least in diseases where SRF is only one possible feature among others (intraretinal cystoid fluid, large pigment epithelial detachments, etc.) such as age-related macular degeneration, diabetic macular edema and retinal vein occlusion (Philip, et al. 2016 ; ARVO E-Abstract 4164). SRF is the mandatory feature to be present in CSC, but from our knowledge of the relation between SRF and the photoreceptor layers, it seems wrong to concentrate on the intensive and time-consuming evaluation of ELM and/or the IS/OS line if these may be somehow positively correlated with SRF.
Reliable, easily obtainable prognostic indicators are needed in daily clinical routine. As mentioned, grading morphological alterations such as irregularities in different retinal layers needs to be carried out by an expert trained in OCT, assessing the value of the characteristics is very time-consuming and interexaminer reproducibility might be low if practitioners are not trained well (Shahrian Varnousfaderani et al. 2016 ). In our study, all images were graded at a central reading centre. All the graders were guaranteed to be trained to assure reproducibility and accuracy and therefore all variables were annotated with care and segmentations could be considered to be valid and reproducible. But these are aspects that lead to difficulties in clinical routine, as a patient might not be seen by the same doctor at each follow-up examination. The use of quantitatively measurable and comparable characteristics such as height, area or volume of alterations is a possible way to avoid the intergrader problems. However, in clinical routine, it is not practicable to measure all salient variables in all patients with CSC at every visit; the grading needs to be fast and easy, as only measuring the SRF height would be.
From the evaluated morphological characteristics in our study, the SRF height correlated best with several functional results such as retinal sensitivity, fixation stability and the CS score, and therefore it seems to be a good variable to look at in addition to VA alone. From a follow-up perspective, the height might reduce whereas the volume of fluid remains the same as the fluid spreads over a greater area due to physical pressure. Calculating the area and volume of the SRF might therefore add useful information for patient follow-up visits. Many groups are working on automated algorithms for the detection of fluid in retinal diseases (Wilkins et al. 2012; Schlegl et al. 2015; Xu et al. 2015; Wang et al. 2016; Breger et al. 2017) and it is very likely that in the coming years, these measures will also be easily obtainable as they will be implemented in OCT devices and automatically calculated. Then it will be possible to use these in addition to SRF height in daily clinical routine.
In conclusion, from all the quantitatively measurable morphological SD-OCT characteristics analysed in this study, the height of the SRF (SRF height at the CP, maximum height of the central SRF or maximum height of all SRF deposits) showed the best correlation with functional variables and patients' subjective handicap caused by the disease. Therefore, SRF height is the best variable to look at in daily clinical routine. Additional variables such as the area or volume of SRF may add further information at baseline. Further studies are needed to investigate if they could add value for follow-up examinations. Early features predictive for conversion to choroidal neovascularization, chronic persistent disease or recurrent disease should also be investigated in further studies and together with the baseline marker of SRF height used for decision making when planning monitoring intervals or therapy for patients with CSC. 
